Background: There are no specific radiological findings for the diagnosis of sacroiliac jointrelated pain. A diagnostic scoring system had been developed in 2017. The score comprised the sum of scores of six items. The score ranged from 0 to 9 points, and the cutoff was calculated as 4. Objective: To evaluate the validity of the diagnostic scoring system for sacroiliac joint-related pain.
Introduction
Low back pain (LBP) is one of the most common health problems among adults. 1 A specific cause of pain can be identified in some cases of LBP; however, the cause cannot be identified in other cases. Deyo et al reported in the 1990s that ~85% of LBP was non-specific LBP. 2 Sacroiliac joint (SIJ) pain is one of the most common causes of LBP. [3] [4] [5] [6] [7] LBP originating from SIJ dysfunction has been regarded as one non-specific cause of LBP. 2 Some reports showed that the proportion of SIJ pain was 10%-30% of all LBP. 4, 5, 7 There are no specific radiological findings, even on MRI, for the diagnosis of SIJ dysfunction. Therefore, a diagnosis should not be made before obtaining the results of provocation tests and determining whether relief can be achieved by analgesic block injection to the SIJ. [3] [4] [5] [6] [7] Laslett demonstrated that three or more positive pain provocation SIJ tests have sensitivity and specificity of 91% and 78%, respectively. 8 However, widely used
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Tonosu et al provocation tests such as Gaenslen's test, Patrick's test, thigh thrust test, compression test, and distraction test do not show high specificity. [9] [10] [11] Dreyfuss et al concluded that SIJ pain is resistant to identification by the historical and physical examination data. 12 Therefore, the diagnosis of SIJ pain is challenging.
Because clinical testing of SIJ pain has not been standardized, Kurosawa et al developed the SIJ pain score (SIJ score) for diagnosing SIJ pain with clinical testing. 13 It was concluded that the score could differentiate SIJ pain from lumbar disc herniation or lumbar spinal stenosis. However, it has not been demonstrated that the score can differentiate SIJ-related pain from any other causes of buttock pain. The purpose of the current study was to evaluate the validity of the SIJ score as a support tool for diagnosing SIJ-related pain (SIJP) and to demonstrate the effectiveness of the score for the diagnosis of buttock pain during usual outpatient care.
Patients and methods
This study was approved by the medical/ethics review board of Kanto Rosai Hospital (no. 20158). Written informed consent was obtained from all patients.
Subjects
We registered consecutive patients from June 2015 to May 2016 during their first appointment if they experienced LBP localized between the costal margin and the inferior gluteal folds. The first author made an initial diagnosis of SIJP. We precisely defined and evaluated the region where buttock pain occurred; this region was the area from the posterior iliac crest to the inferior gluteal fold. We defined the SIJP group as those who experienced the unilateral buttock pain and fulfilled the criteria described here. We defined the non-SIJP group as those who had experienced LBP due to reasons other than SIJP. We excluded patients who had an infection or tumor in the lumbar spine or pelvis. We collected patients' background information, including age, sex, height, weight, and smoking habits, using a self-written questionnaire. We calculated the body mass index (BMI) using the height and weight data. We also evaluated the number of lumbar MRI examinations performed and an analgesic periarticular SIJ injection performed for both groups. We evaluated the SIJ score for all subjects. According to the original study of the SIJ score, the score comprised the sum of the weighted points of the following six items: one-finger test, scored as 3 points; groin pain, scored as 2 points; pain while sitting on a chair, scored as 1 point; SIJ shear test, scored as 1 point; tenderness of the posterosuperior iliac spine (PSIS), scored as 1 point; and tenderness of the sacrotuberous ligament, scored as 1 point. The score ranged from 0 to 9 points, and the cutoff was calculated as 4. 13 The one-finger test result was positive when a patient pointed the index finger to the PSIS or within 2 cm of the PSIS as the main site of pain.
14 In 2008, Murakami et al showed that a positive result of the one-finger test could be suggestive of SIJP.
14 Moreover, the original study showed that the most weighted score for the one-finger test was 3 points. 13 The SIJ shear test is a direct stress test of the SIJ region. An examiner places one palm over the patient's posterior iliac wing and thrusts one palm inferiorly to produce a shearing force across the SIJ while the patient is in the prone position. The SIJ shear test result was positive if there was pain. 3 The one-finger test results, SIJ shear test results, tenderness of the PSIS, and tenderness of the sacrotuberous ligament were evaluated based on physical findings. Groin pain and pain while sitting on a chair were evaluated during a medical interview.
Definition of sacroiliac joint-related pain
Although there was no consensus regarding how to diagnose SIJP, we hypothesized and defined SIJP as unilateral buttock pain that met the following criteria: positive results on either the Patrick test or the SIJ shear test; 3 positive response to the analgesic periarticular SIJ injection; no compression findings of the nerve roots and cauda equina on lumbar MRI; and no hip osteoarthritis on radiography of the hip.
We evaluated physical findings including Patrick's test and SIJ shear test results, radiography of the lumbar spine and pelvis, and lumbar MRI findings as needed. Radiography was used for all registered patients. MRI was used if the pain radiated to the lower limb or located in the buttock area below the posterior iliac crest. When we suspected SIJP, we performed an additional examination using an analgesic SIJ injection, which comprised a 3 mL injection of 1% lidocaine into the periarticular space of the SIJ with fluoroscopic control in reference to some previous studies. 6, 15, 16 This method of the injection matched the original study that we had intended to evaluate the validity of the results. 13 We evaluated the degree of buttock pain both before and after the injection. We hypothesized a positive reaction to the analgesic injection when the pain had improved more than 70% at 15 minutes after the injection, which was also the same definition of the evaluation as the original study. 13 We evaluated improvements in pain by directly asking patients what they felt their pain score was before and after the injection based on a scale of 0 (pain-free) to 10 (most pain). We interpreted an answer of ≤3 as an improvement of more than 70%. 
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Statistical methods
We compared the backgrounds of both groups and analyzed the differences in proportions of the aforementioned six items of the SIJ score for both groups. Descriptive statistics were determined and presented as means and SDs or frequencies and percentages. Between-group differences in backgrounds were evaluated using the Fisher's exact test for categorical variables; the Student's t-test was used for continuous variables. In addition, we performed receiveroperating characteristic (ROC) curve analysis to evaluate the SIJ score for diagnosing SIJP using the original points of each item. 13 We calculated the area under the ROC curve (AUC), sensitivity, and specificity. An AUC of 1.0 indicated perfect discrimination. In general, accuracy was interpreted as follows: high, 0.9≤AUC<1.0; moderate, 0.7≤AUC<0.9; and low, 0.5≤AUC<0.7. A statistical analysis was performed using the JMP 11.0 software program (SAS Institute, Cary, NC, USA); P<0.05 was considered significant.
Results
We registered 155 patients and excluded one patient because she had infectious arthritis of the SIJ; therefore, a total of 154 patients were included in the current study. The SIJP group consisted of 31 patients who had SIJP diagnosed according to the aforementioned definition. The non-SIJP group consisted of the other 123 patients.
There were no significant differences between both groups regarding age, sex, BMI, and smoking habits (Table 1) . Lumbar MRI was performed for 31 participants (100%) in the SIJP group and 94 participants (76.4%) in the non-SIJP group. The analgesic SIJ injection was performed for 31 participants (100%) in the SIJP group and 53 participants (43.1%) in the non-SIJP group.
There were significant differences between groups for the following four of six items: one-finger test results (P<0.0001), pain while sitting on a chair (P=0.0141), SIJ shear test results (P<0.0001), and tenderness of the PSIS (P<0.0001) ( Table 2) . The results of ROC analysis were as follows: cut-off value, 5 points; area under the curve, 0.80239; sensitivity, 77.4%; and specificity, 76.4% (Figure 1 ). The ROC tables showed that the sensitivity and specificity were 77.4% and 67.5%, respectively, if the cut-off value was 4.
Discussion
The diagnosis of SIJP has not been clearly confirmed, and it remains challenging. [3] [4] [5] [6] [7] Szadek et al reported that widely used provocation tests show low specificity. 10 Vleeming et al reported that SIJP must be reproducible by some specific clinical tests. 6 We used Patrick's test and the SIJ shear test as screening tests for SIJP. The literature recommended using the term "pelvic girdle pain", which means pain between the posterior iliac crest and the gluteal fold, particularly in the vicinity of the SIJ. This term includes pain originating from the intra-articular region and the posterior ligamentous region of the SIJ. 6 Some other reports have demonstrated that the posterior ligament region is a significant source of SIJP. [17] [18] [19] In addition, a recent report showed that a periarticular SIJ injection should be given first to treat SIJ-related pain, and only if it is not effective should an intra-articular injection be administered. 16 Therefore, we adopted the periarticular SIJ injection to evaluate the response to analgesic injections similarly to the original study. As a result of the strict definition, the SIJ group defined here consisted of ~20% of all patients in the current study. Some reports indicated that the proportion was 10%-30%. 4, 5, 7 Therefore, our results were consistent with those of previous reports. No significant differences were observed regarding the backgrounds of the two groups. There were significant differences between the groups for four of the six items: one-finger test results, pain while sitting on a chair, SIJ shear test results, and tenderness of the PSIS. A previous study showed that the one-finger test was the most weighed item of the SIJ score. 13 Murakami et al showed that the one-finger test is a major indicator of SIJP.
14 Consistent with these previous studies, our results showed that positive one-finger test results were significantly observed in the SIJP group. According to the definition of the one-finger test, positive results can include pain originating from other anatomic structures around the PSIS such as the middle gluteal nerve. Therefore, we did not limit pain to that caused by the joint itself; we included pain caused by posterior periarticular tissue and expressed that pain as SIJP in the current study. Tenderness of the PSIS has been 
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Tonosu et al an important finding associated with the diagnosis of SIJP 20, 21 and is similar to the one-finger test. The difference between the two involves whether the pain area is just indicated by the patient or the tenderness is produced by the examiner. The AUC of 0.80239 in the current study was considered to indicate moderate accuracy, although it was lower than 0.947, which was reported in a previous study. 13 ROC analysis indicated a cut-off value of 5 for diagnosing SIJP, meaning that more than 5 points of the total 9 points are needed to diagnose SIJP. The cut-off value was one point more than that of a previous report; 13 however, it was also demonstrated that the sensitivity and the specificity would be 86.4% and 92.3%, respectively, with a cut-off value of 5.
13
These results were similar to ours. By considering each item, we can sometimes diagnose SIJP if more than two or three of the six items including the one-finger test are positive, or if five of the six items except the one-finger test are positive.
Limitations
First, there could be false-positive responses to the analgesic injection.Some reports demonstrated that a false-positive response to the analgesic SIJ injection was observed in 10%-20%, which was a positive response to the injection in cases of LBP other than SIJP. 15, 22 This limitation could increase the number comprising the SIJP group. Second, it is possible to underestimate the SIJP group depending on how the lumbar MRI examinations were interpreted. Asymptomatic lumbar disc herniation and lumbar spinal stenosis sometimes occur. 23, 24 The original study of the SIJ score considered the control group as the participants with recovery after surgery for lumbar diseases; therefore, patients with asymptomatic MRI findings could be excluded from the control group. 13 This could be a reason for the differences in results compared with the original study. Moreover, Bernard and Kirkaldy-Willis reported that SIJ dysfunction was often observed coexisting with other lumbar diseases. 25 Therefore, we could have overly excluded a possible cause of SIJP. Third, there was selection bias among our patients. Patients from one hospital cannot represent all patients with SIJP. However, the inclusion of consecutive patients for 1 year could decrease the selection bias.
Conclusion
The SIJ score demonstrated moderate accuracy in diagnosing SIJP and was effective for differentiating SIJP from any other cause of buttock pain during usual outpatient care. Figure 1 The results of the receiver-operating characteristic analysis were as follows: cut-off value, 5 points; area under the curve, 0.80239; sensitivity, 77.4%; and specificity, 76.4%. 
